The meat processing industry, due to its high energy consumption, needs to be assessed in an energy usage basis. This paper reports the results and implications of an energy audit in a meat processing industry. In addition, this work provides a comprehensive and practical approach to energy saving measures in the assessed company to recognize factors that can determine a possible transition to sustainable patterns of electricity consumption. The paper described the application to energy auditing, developed by AFNOR (2014) for efficient energy management along with ISO 50001 (energy management systems). For a more specific energy auditing the guide described by Dall "O" (2013) was used. In this case, a study of an integrative characterization of the company's energy consumption is made. The research has been divided in two main sections: the first includes an analysis about the characterization of the energy consumption within a meat processing company in the three sustainable approaches such as economical, societal and mainly environmental implications; second, a proposal for strategic energy management measures focusing on high consumer types of facilities. The results obtained allow the identification of main processes with significant correlations in terms of energy consumption within the company. This data has the potential for energy savings. The data acquisition process prompts the development of practical and accessible energy efficiency measures. In addition, a benchmarking analysis with several tools is performed. Altogether, this work gives guidance on the implementation of energy auditing in industries within its geographical and industrial sector limitations.
Introduction
Climate change is a very complex topic. It is mainly caused by interactions of multiple variables which are influencing factors for climate systems [1] . The modification of single element has the potential to affect the global climatic situation, for example an increase of the greenhouse effect [2] . Because of an enormous environmental impact, the focus of many scientific researches discusses the topic of greenhouse-gas-emissions. Many of these gases like CO 2 , methane or ozone are responsible for creating an imbalance of the natural atmospheric conditions leading to climate change [3] . The generation of electricity can be considered as the baseline of this increase, in order to provide overcoming production needs for society [4] . The assessment and following management of resources, particularly electricity, in order to diminish the environmental impact of production processes, empowered by social claiming, are getting important and it has to be taken in consideration for many industrial sectors [5] . The meat processing industry needs to be assessed on the basis of the energy consumption. In this type of industrial sector, there are many enterprises which can be considered as high energy consumers. Among the different energy types which are used in meat processing facilities, the use of electricity is figured out as the dominating one [6] .
Highlighting the necessity to assess and manage the energy consumption is required in order to reduce the environmental impact, such as its equivalent in carbon dioxide emissions [7] .
In general, meat-processing companies need to comply with regulations established for the food industry, which means in this case that the conventional use of energy will be directed to maintain the cold and preserving the meat during the whole production process [8] .
In this paper, an analysis about the characterization of the energy consumption within a meat processing company located in Hermosillo, Sonora is included. In addition, a proposal for strategic energy management focusing on high consumer types of facilities is presented. The results aim to create a systematic approach on energy management more suitable to processes in the food industry. The paper is organized as follows: Section 2 discusses the methodological approach. Section 3 introduces the results obtained and Section 4 evaluates opportunities for sustainable energy management. Section 5 provides discussions and conclusions and finally Section 6 presents future work needed.
Methodology
For a facilitated comprehension of the energy consumption and in order to derive improvement measures an explorative case study was conducted. Basically an energy audit was performed in a meat processing industry, located in northwest region of Mexico, hereinafter referred as Company A.
Energy audits are defined as an inspection, survey and analysis of energy consumptions of an industrial site, its buildings and processes aimed at reducing the amount of energy input without negatively affecting the outputs [9] , i.e. improving energy efficiency.
Although the way how an energy audit is carried out depends on characteristics and approaches of the audited company [10] , general elements of an energy audit are:
The energy-related data, which was compiled during the audit, got used for the elaboration of the case study and aims to reduce the gap between the negative environmental impact of production processes and energy consumption.
The energy audit described here pursues the three following main goals. Identification and assessment of significant correlations between energy consumption and the activities carried out in the processing plant. 1) Compilation of key performance indicators (KPI) to compare the site's performance with similar processing facilities. This company benchmarking were made within the type-specific industrial sector.
2) Determination of opportunities for energy saving measures in Company A and recognizing factors that could determine a possible transition to more sustainable patterns of electricity consumption.
The audit performed can be considered as a Type 1 energy audit according to ISO 50002. Those audits mainly rely on abbreviated walkthrough inspections, brief interviews with operating staff, and analysis of facilities energy/utility bills and additional data from equipment lists, in order to roughly estimate the actual electricity consumption. They serve as preliminary audits for larger facilities. It is the least costly audit, but allows, however, a high-level energy review, i.e. the identification of hotspots and areas with significant energy use and estimations of saving potential. Major outputs to be expected from Type 1 audits is a basic understanding of onsite energy consumption and related hot spots as well as a list of low-cost and easy-to-implement energy efficiency improvement measures (see Chart 9). For a more detailed and in-depth analyze and on order to legitimate cost-intensive improvement measures, a higher technical resolution and expanded scope of the energy analysis is recommended.
Site Description
This facility has the capacity to handle 100 cattle carcasses daily. This facility is able to process up to 100 cattle carcasses. Depending on the need of production the plant is able to increase or decrease production. The total plant includes several areas and processes in both production and administrative departments, including all the areas the total dimension of the plant is above 6500 square meters. It is important to understand that in concordance with regulations on meat processing facilities some areas of the production process need to comply with certain temperatures in order to keep the food process innocuous.
The energy audit requires to include the utilization of energy within the system, it is necessary to categorize the energy consumers in a way that the high consumers of energy can be identified, the structure of categorization in the plant has been made by thermal areas, see Figure 1 , in concordance of the processes of the company and more important with the temperature that its needed to comply according to federal and international laws inside food processing industries.
The energy audit includes information within the period from 2012 until 2014. Data acquisition in this reference period provides a more or less detailed representation of the energy input and consumption values.
The availability of many comparative data within this reference period gives the possibility to filter out values, which are describing energy consumption factors that were caused by exceptional situations.
Energy Input
The annual recording and analysis of utilized energy sources includes a usage and cost assessment, the data obtained from the energy billing history can be used to understand the pattern of use and cost of consumption over time. The contribution to climate change is considered here as Global Warming Potential (GWP) given in carbon dioxide equivalents (CO 2 -eq.) as energy consumption related. To represent negative environmental impacts derived from the electricity consumption, standard ratios are used to convert the use of kWh into equivalent amounts of CO 2 .
Using the methodology based on emission factors, which is the most appropriate and practical method to measure greenhouse gas (GHG) emissions, it estimates the GHG emissions by the multiplication of activity data (e.g., energy consumption) with an emission factor (e.g., grams of CO 2 per kWh) which obtains as a result a CO 2 -equivalent.
Activity data * emission factor = CO 2 E. Activity data values are listed on energy bills or energy-related documents of the provider. The emission factor depends on the electricity mix of each country. This value is a quantity number of atmospheric pollution by the use of electricity. Mexico's electricity mix primarily includes the use of oil and gas, non-fossil are composed mainly by large scale hydro power with some contribution from geothermal, which becomes obvious from the representation on in Figure 2 .
The standard of conversion from KWh to their carbon dioxide equivalents according to the 2014 Climate Registry Default Emission Factors, México has been set with a value of 550.1 CO 2 -equation per MWh. In Chart 1, the annual consumption of the used energy sources at the company and their detailed carbon equivalent in metric tons are described.
To understand the utilization of energy within the company processes, it is necessary to categorize the energy consumers in order to identify the main consumers. In this case study, the classification was made by thermal areas, which in concordance with the needs of production processes, share similar characteristics such as temperature and isolation. This separation allows the definition of clear and achievable goals in order to improve energy efficiency. Chart 2 describes the thermal zones defined for this case study and the shared characteristics within the system. Several categories were defined according to the main company processes including production, heating, VAC and information technology (IT).
The most valuable information about the energy consumption in each main company process can be delivered by the help of energy meters. Unfortunately are in Company A just meters installed which measure the total energy consumption in the whole production plant.
To allegorize roughly the distribution on a percentage basis of the energy consumption for each process category, it is also sufficient to calculate by the help of the maximum power values from the equipment type plates and the daily operation hours the daily energy consumption per category.
The inventory list, which is organized in terms of their functional application, includes information about the energy consumption. In Chart 3, the proportion of daily energy consumption and the environmental impact, expressed as CO 2 equivalents is illustrated.
The daily consumption of Company A was identified in a total as 50,595.6743, 183.42 KWh. By the categorization of the processes, the main energy consumer can be distinguished. The following energy resources are being used in the company: a. Electricity b. Natural gas c. LP gas. Figure 3 shows that the resource that is mostly consumed is electricity. It is noted that the VAC processes are the most significant consumers of the electricity resource with a share of 7284% from the total consumption. The use of natural and LP gas is destined to heating processes with a share of 14% from the total energy consumption. The computed percentages do not include the consumption in the factory canteen and the laundry, which one of the reasons for share of natural and LP gas on the total amount of consumed energy.
Systems Description

Electrical System Description
An important step on monitoring the company's electricity consumption is to collect data from the facilities. Reviewing the power rates of the electrical line, transformers and compressors helps with the identification of potential opportunities for an energetic improvement. Company A gets the electrical supply by an integrated three phase electrical system.
Lighting systems Description
The system used by Company A involves two types of lighting: fluorescent and High Intensity Discharge of Metallic Additives (HID). A summary of the lighting system description, including the energy usage for the lighting category, is shown in Chart 4.
From the information of the obtained data, HID illumination appliances are revealed as main consumers. The evaluation of the luminance levels in different work areas is a valuable cross reference to identify if the lighting is appropriate for the correct performance of the operations in each area. This information will enable the detection of improvement opportunities on the visibility conditions and on the other hand to discover energy saving measurements.
For the determination of the average luminance, it is necessary to divide the building parts into a number of equal areas. A lux meter indicates only the luminance in one point and not the average luminance, making it necessary to get an average of the Level of illumination measured in lux at each measured point. This evaluation was made in accordance with the official Mexican standard NOM-025-STPS-1999, referring to illumination conditions on workstations. The purpose of this evaluation consists on making an assessment to detect certain areas that might have deficits or an excessive usage of lights. Chart 5 describes the current illumination levels compared to the minimal required value of illumination expressed in Lux.
From the acquired data, four thermal zones were detected to be above the required levels of illumination. This visibility assessment also provides information on other thermal zones working with less lighting than needed. The information is useful for the company to improve the quality of lightening and the required illumination levels. It is necessary to conduct measures, which can direct to the reduction on the use of electricity without altering the outcome of the production processes.
Infrared Audit and Building Envelope Assessment
a. Infrared audit An infrared audit, a thermal mapping of a surface, is useful in the process of energy assessment. This noninvasive technique allows to obtain thermographic images with an infrared camera. These images can support energy audits by highlighting energy inefficiencies on buildings and facilities. The thermographic analysis is very useful for evaluating building energy performance, both for envelope and facilities. With correct interpretation, the thermal images can reveal potential problems within the electrical systems and processes. Also, this data can be translated into significant information about energy performance. Which, later on, can be the translated into improvement opportunities that can have significant relevance for the company. The inspection tool used for this evaluation is the FLIR E6 camera. The thermal images obtained with the use of this camera are able to reveal, if existing, problems from sources of energy losses, moisture intrusion and structural issues to overheating electrical and mechanical equipment [12] . Chart 6 shows a description of the assessed components were thermographic images were obtained. As Figure 4 shows, one of the main improving potentials discovered during the infrared assessment is the energy losses on the refrigeration cameras. Its recognition provides, with a clear picture of the systems, which are the priorities to be improved in order to achieve a higher level of energy efficiency.
b. Building envelope Part of the infrared assessment is to understand the characteristics of the building isolation materials, calorific capacity and thermal areas. To determine the calorific capacity and to choose the appropriate refrigeration equipment required for the different chambers resp. frozen areas of the plant, the isolation plays an important role. From the company the following descriptions can be made:
• The isolation of the building consists of polyurethane panels of 2, 3 and 4 inches in walls and ceilings. Different thermal areas are distinguished:
• Recollection, inspection, process and platform processes should keep temperatures of 1.5˚C;
• Gutters need to have a temperature of 2˚C;
• Conservation chambers maintain temperatures below -14˚C; • In the blast freezers, the temperature is below 5˚C.
Performance and Benchmarking
Benchmarking Assessment
For an analysis of the energy related data, an external benchmarking process will deliver significant results. Energy efficiency can be evaluated in different abstraction levels resulting in some different aggregated indicators [11] . The comparison with other companies of the food-processing industry will give useful information for checking and verifying the company's performance in terms of energetic aspects.
Defining of a Technical, Geographic and Branch-Specific Area of Validity
Company A, a company belonging to the food industry sector, has the main activity to produce and distribute meat products. Based on the SIEM-database of the Mexican economy ministry, it is categorized as a small industry. For getting dependable results, it is necessary to include the geographic information of the company into the benchmarking process, because the weather conditions are a significant factor for energy consumption levels. The extreme climatic conditions in Hermosillo must be taken strongly into consideration for verifying the energetic situation.
Benchmarking Methodologies
There are several ways for the accomplishment of an energy benchmark assessment. In order to get a comprehensive impression of the current energetic situation and improving potentials of the company, a comparison with data from Australia meat processing industry was the more reliable option for benchmarking key indicators for the production location of company A, especially because of the extreme climatic conditions, it is necessary to choose geographic reference areas with similar characteristics, see Figure 5 . For the consideration of this specific benchmark the area of Australia was chosen due to the consistent similarities within the climatic region and the characteristics of the industrial sector. The Australian meat processing industry is structured in similar way like in Mexico.
From the review of energy efficiency utilization benchmarks & technologies for Australian red meat processing (2013) established by the Australian Meat Processor Corporation (AMPC) comparable data can be obtained. The primary energy sources (electricity, natural gas and liquefied petroleum gas) used in the reference meat processing facilities are in accordance with this case example in northern part of Mexico.
A significant factor for benchmarking is the size of the company, where also the AMPC review is focused on small and middle-sized enterprises. The analysis of the energetic situation is based on indicators which take into consideration technical and economic aspects, to understand the patterns of energy consumption in the benchmarked company.
Energy Indicators of the Industrial Sector
In the course for an external benchmark with other companies of the industrial sector there is a need to gather the energy related data into specific energy indicators. These energy performance indicators are expressed in form of several metrics, which are quantitative and comparable. For the analysis of the energy audit data the performance indicators are significant, which are listed in Chart 7.
In relation with this indicator and the energy consumption data, specific values can be obtained; Chart 8. These indicators are shown in an annual basis in order to benchmark this data with the information of the Australian industry.
One of the key performance indicators for the meat processing industry takes into consideration is the energy needed to produce one ton of processed meat. The indicator has a value by the AMPC rank of 1600 kWh per produced ton. In comparison, company A encounters itself beneath this mark with a value of 1024 kWh per produced ton, see Figure 6 .
In some industries, environmental benchmarks are used extensively to gauge the performance and competitiveness. Because of a non-existing unique production unit, an accurate benchmarking procedure for meat processing companies is just partly achievable. 
Proposed Saving Strategies
The results obtained from the energy audit of company A gives an overall look of the energy consumption in the particular areas and processes, which can be convenient for the identification of energetic improvement potential. This information enables the company management to take decisions, related to areas or processes which may be analyzed in a are more profound way.
To develop concrete strategies on how to improve the current energetic situation a differentiation of behavioral and technical factors is advisable. For the realization of behavioral improving measures, the implementation of an Energy Management System, according to the ISO 50001 standard, is highly recommended since it establishes the structure and discipline to implement technical and management strategies that significantly cut energy costs and greenhouse gas emissions-and sustain those savings over time. Savings can come from no-to low-cost operational improvements.
In the context of the performed energy audit, the advantages are to reveal the options to improve energy efficiency and to give suggestions where an exhaustive, additional research is profitable.
Focusing on general improving measures in the scope of crossover technologies, in Chart 9, general strategies are listed.
The main crossover technologies in this context are:
• The listed measures integrate a wide action scope in the five main categories to improve energy efficiency. Referring to Figure 3 , the main consumption of energy is use of electricity. It is target-aimed to pursue energetic improving potentials.
By the analysis of the benchmarking outputs, the used technological systems are weighted differently, in terms of reduction capabilities. It seeks to prioritize the most cost effective opportunities to catch, metaphorically, the low hanging fruits.
The technologies at the center of attention in company A are illumination, ventilation and air conditioning systems. Further measures for improvement include illumination, electric drives, pneumatic and pumping system where an additional research is suggested. For these systems, except illumination, high energy savings can be achieved by the use of variable speed drives (VSD).
Therefore, this ensemble of measures set a useful guideline in the implementation of energy efficiency actions in company A.
Conclusions
For a systematic approach to energy auditing, it is essential to calculate the energy impact of the company´s processes. In this case study, an integrative characterization of the company's energy consumption was made. The methodology used in this case study was probed to be helpful and to serve as a basis for the assessment of the energy use within a food processing company.
The main processes with significant correlations in terms of saving energy are ventilation and air conditioning processes. Illumination, as second highest energy consumer, has high improving potentials as well. The achieved results can help develop a more practical and integrative approach for energy management within companies not only in the northwest of Mexico but also in geographical similar regions.
By comparison with energy consumption of the crossover technology, the meat production processes carry no weight. Refrigeration should be still considered as a key element of meat processing. In this type of industry, the compliance with the food safety regulations is inalienable to ensure the meat quality. For that reason, there are fixed minimum temperature levels for the different areas and processes. For securing permanently cooled meat, high amounts of energy get spent in this industrial sector. Being this fact, it is of great significance to figure out improving measures also for the air-conditioning systems. The benchmarking process for meat processing industries proves difficult, because there is no available explicit database in Mexico for a comparison. As a result of non-standardized scale units, which express the amount of produced meat, in this industrial sector it's difficult to determine meaningful energy indicators.
Regardless of the benchmarking process limitations, the information obtained from the chosen benchmarking tools is expedient to understand the energy consumption of company A. The tools are selected in a way to guarantee a widespread consideration of the issue, which enables to make a further comprehension of the energy performance.
For the company A, a set of measures to enhance energy efficiency is developed, whereby main energy saving potentials get proposed. In this connection, it exists a major opportunity to reduce the energy costs and the environmental impact, without changing the productivity of company A. While energy efficiency means the reduction of energy inputs of production systems while keeping or enhancing the level of production, it represents a major opportunity to reduce greenhouse gases in a cost efficient way.
